Addendum: Theory of low-temperature Hall effect in stripe-ordered cuprates 
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We supplement a previously published calculation of the Hall effect in stripe ordered cuprates 
by presenting results for the physically relevant sign of the potential arising from charge ordering. 
The new results are more consistent with data, underscoring the importance of charge ordering in 
cuprates. 
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In a previous paper^i we studied the low-temperature 
Hall effect in a two-dimensional anti-phase stripe-ordered 
system and compared our results to existing experimen- 
tal data.^''^ The calculations were based on a model intro- 
duced by one of us and Norman^ involving fermions mov- 
ing in two dimensions with dispersion Sk = — 2ii(cos kx + 
cos ky)+4:t2 cos kx cos fcj, — 2i3(cos 2fc^-|-cos 2ky) (we chose 
ti — 0.38eV, t2 — 0.32ti and ts = 0.5t2) and subject to 
a spin dependent potential of strength Vs and wavevec- 
tor Q chosen to be (tt, 37r/4) and a spin independent 
"charge" potential of amplitude Vc and wavevector 2Q. 
In that paper we considered only Vc > (the sign of Vg 
is irrelevant). Very recently Vojta, Hackl and Sachdev 
have pointed out that 14 < is the relevant case for 
cupratesi^i^ In this note we present calculations of the 
spin and charge density which confirm that this is the 
case and extend our Hall effect calculations to this situ- 
ation. We find, as was anticipated in the Fermi surface 
plots of Ref m and demonstrated for the Nernst effect 
. by Ref H that changing the sign of Vc makes the Hall 
' conductance much more robustly electron-like, increas- 
ing the agreement between theory and experiment. 
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FIG. 1: Real-space spin modulation multiplied by 1/4 (red 
squares) and charge modulation (black circles) along a row 
of lattice sites labeled by j calculated for the 2-dimensional 
mean-field anti-phase stripe ordered state for spin potential 
Vs = 0.25eV and charge potential K = O.OSeV (top), (mid- 
dle) and —O.OSeV (bottom) with doping fixed at x ^ 1/8. 



We use the equations and methods of Ref [H which we 
do not repeat here. To compute the density we must 
evaluate the ground-state expectation value of the den- 
sity operator p{j) for electrons on site j using the ground 
state wave function appropriate for electrons of spin a. 
The periodicity we consider means that a single particle 
state at wavevector k in the irreducible Brillouin zone is 
an 8 component vector involving components |k + nQ > 
with n — 0...7. p{j) is an 8 x 8 matrix with entries 
< k + nQ\p{j)\k + niQ >= exp[i{m - n)Q • Rj]. The 
density of electrons of spin a on site j is then calculated 
^'^ Y^k.occ < '^k,a\p{j)\i^k,a > whcrc the sum is over oc- 
cupied states. 

In the presence of spin and charge backscattering the 
charge density and the square of the spin density oscillate 
with period 2Q. Fig [1] plots the oscillating part of the 
charge density 5p{j) = p^{j) + Pi{j) — po and the square 
of the normalized spin density S'^{j) = (pt(j) — Pii.j))'^ 
for positive, negative and vanishing Vc with the chemical 
potential in each case adjusted to give a doping of 1/8. 
The case Vc = already produces some charge modula- 
tion (putting the hole where the spin density is minimal); 
Vc > pushes the charge density modulation in the op- 
posite direction (increasing the density on the row where 
the spin density vanishes) and Vc < makes even more 
holes on the site where the spin density vanishes. It is 
generally believed that in the high Tc cuprates the hole 
density is maximal on the sites where the spin density 
vanishes; thus we conclude in agreement with Refs [B@ 
that the Vc < case is the one which is relevant to the 
cuprates. Note that increasing the amplitude of Vc to 
larger values would lead to unphysical dp > 1/8, because 
this simple model does not include the Mott physics. 

The backscattering potential produces a complicated 
Fermi surface, including electron and hole pockets and 
quasi one dimensional bands. Ref already showed that 
choosing a negative Vc enhanced the electron pockets. 
We show in Fig[2]the Fermi surfaces derived at 1 /8 doping 
for a fixed spin potential Vs — 0.25eV and Vc = 0.1 (left 
panel), (center panel) and Vc = — O.leV (right panel). 
The stabilization of the electron pocket by the negative 
Vc is evident. 

Fig [3] shows the dependence of the Hall coefficient on 
Vc obtained using the methods of Ref 1 . The dominance 
of the electron pocket in the calculations for Vc < leads 
to the electron-like sign of the Hall elfect, while as Vc is 
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increased to positive values the sign rapidly turns hole- 
like. A characteristic feature of the experimental data 
is a robust electron-like signature in the Hall resistance 
which is favored by the negative value of Vc suggested 
by the charge density argument. The doubts expressed 
in Rcf 1 concerning the importance of the charge stripe 
potential are not warranted. 



FIG. 2; Fermi surface reconstruction in the stripe ordered 
state for V = 0.25eV, and Vc = O.leV (a), Vc = (b), and 
Vc = —O.leV (c). The doping is fixed at a; ~ 0.125, and the 
momentum is given in units of n/a. 
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FIG. 3: The Hall effect Rh as a function of Vc in the two- 
dimensional anti-phase stripe ordered state for Vs = 0.25eV 
and doping x = 0.125. 
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